Stabilized integrin-targeting ternary LPD (lipopolyplex) vectors for gene delivery designed to disassemble within the target cell.
Recent research in the field of nonviral gene delivery vectors has focused on preparing nanoparticles that are stabilized by the incorporation of a PEG coating and where one of the vector components is also cleavable. Here,we describe the synthesis, formulation, transfection properties, and biophysical studies of a PEG-stabilized ternary lipopolyplex vector in which, for the first time, both the lipid and peptide components are designed to be cleaved once the vector has been internalized. A series of cationic lipids, bearing short tri- or hexaethylene glycol groups, attached to the headgroup via an ester linkage, has been prepared. Trifunctional peptides have also been prepared, consisting of a Lys(16) sequence at the N-terminus (to bind and condense plasmid DNA); a spacer group (containing a sequence recognized and cleaved by endosomal enzymes) and an optional PEG4 amino acid; and an integrin-targeting cyclic peptide sequence (allowing the resulting nanoparticle to be internalized via receptor-mediated endocytosis). Differing combinations of these lipids and peptides have been formulated with DOPE and with plasmid DNA, and complex stability, transfection, and cleavage studies carried out. It was shown that optimal transfection activities in a range of cell types and complex stabilities were achieved with lipids bearing short cleavable triethylene glycol moieties, whereas the incorporation of PEG4 amino acids into the cleavable peptides had little effect. We have synthesized appropriate fluorescently labeled components and have studied the uptake of the vector, endosomal escape, peptide cleavage, and plasmid transport to the nucleus in breast cancer cells using confocal microscopy. We have also studied the morphology of these compact, stabilized vectors using cryo-EM.